Keywords: action planning capuchin end-state comfort motor planning second-order planning squirrel monkey Recent research with several species of nonhuman primates suggests sophisticated motor-planning abilities observed in human adults may be ubiquitous among primates. However, there is considerable variability in the extent to which these abilities are expressed across primate species. In the present experiment, we explore whether the variability in the expression of anticipatory motor-planning abilities may be attributed to cognitive differences (such as tool use abilities) or whether they may be due to the consequences of morphological differences (such as being able to deploy a precision grasp). We compared two species of New World monkeys that differ in their tool use abilities and manual dexterity: squirrel monkeys, Saimiri sciureus (less dexterous with little evidence for tool use) and tufted capuchins, Sapajus apella (more dexterous and known tool users). The monkeys were presented with baited cups in an untrained food extraction task. Consistent with the morphological constraint hypothesis, squirrel monkeys frequently showed second-order motor planning by inverting their grasp when picking up an inverted cup, while capuchins frequently deployed canonical upright grasping postures. Findings suggest that the lack of ability for precision grasping may elicit more consistent second-order motor planning, as the squirrel monkeys (and other species that have shown a high rate of second-order planning) have fewer means of compensating for inefficient initial postures. Thus, the interface between morphology and motor planning likely represents an important factor for understanding both the ontogenetic and phylogenetic origins of sophisticated motor-planning abilities. Ó
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How individuals interact with objects in their environment can yield valuable insights into the psychological control of behaviour (Rosenbaum et al. 2012) . In nonhuman primates (hereafter primates), much of the research in this domain has focused exclusively on tool use, an ability that is restricted to a handful of species (see Tomasello & Call 1997) . However, seemingly mundane motor actions, such as reaching for and picking up an object, are often guided by an anticipation of upcoming postural and task demands (e.g. Rosenbaum et al. 1990 ). The paradigmatic example of this is the observation that when a person turns over an upside down glass to fill it with water, he or she typically reaches for the glass with a thumb-down grip that affords a more controlled subsequent posture when filling it (e.g. Rosenbaum et al. 1990 ). This grip choice at the beginning of the motor sequence reflects planning to accommodate the later postural demands entailed by filling the glass, arguably the element requiring the most precision. The cognitive abilities required to achieve this type of anticipatory planning have been postulated to act as a scaffold for the emergence of more sophisticated cognitive abilities such as tool use (Johnson-Frey 2004) and longer-term planning (van Swieten et al. 2010; Keen 2011) . Thus, understanding the ontogenetic and phylogenetic roots of motor planning may yield insights regarding the foundation of higher-order cognitive functioning.
In humans, the onset of motor planning is apparent during the early stages of infancy and then develops gradually throughout childhood. Very young infants are capable of adjusting their grip selection when reaching for objects of different sizes and orientations (e.g. Lockman et al. 1984; Newell et al. 1989) . By around 10 months of age, infants are capable of more sophisticated motor planning, such as adjusting the speed of approach to grasping an object depending on precision requirements of the task (Claxton et al. 2003) . From age 3 years onward, children continue to refine their motor-planning abilities. Remarkably, however, differences between children and adults in motor-planning behaviour persist even later in childhood. In particular, children appear delayed with respect to the capacity to alter their object manipulation not just on the basis of immediate task demands, but on the next task to be
